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SOMMASy 


* ,. . Spin tests have heen perfoaaned in the langley 20-foot free- 

spinning tunnel on a -i-— scale model of -the i Douglas 2B— i^3 airp lane * 

35 

The spin and. recovery oharaoterlatios were determined for several 
loading conditions of the airplane. The effects of inatalliiig a 
dorsal fin and of installing a ventral fin were investigated. 
Baergenoy escape of the crew wfts simulated and the stich and rudder- 
pedal forces necessary to effect recoveries on the airplane were 
determined. 


The spin-recovery characteristics of the model were considered 
unsatisfactory. Besults indicated that slew recoveries wovCLd he 
obtained when the rudder alone was reversed, and although recoveries 
were generally improved when’ the elevator was moved down in conjunction 
•with reversal, of the rudder, recoveries were generally still unsatis- 
factory* The .results of the model tests Indicate that satisfactory 
recovery characteristics can’ he ohtained’ for all loadings and configu- 
. rations of the airplane hy installing an adequate ventral fin, 
'Inst^Q-lation of a dorsal fin shewed no effect on the spin and recovery 
■ oharac^eori sties of the model. It was found that, if the airplane 
has to he abandoned while in a spin, the crew members should leave 
frcaa the outboard side of the ooolspit. The results of the model teats 
indicate that the stick force necessary to move the elevator during 
a spin will he fairly hlgfh. and that the -rudder— pedal force necessary 
to reverse the model during a spin will 'probably exceed the physical 
capabilities of the pilot. 
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In accordance ■with, a request of the Air Materiel Ooasmand, Away 
Air Forces, teste were perfomed in the Langley 20-foot free-spinning 
tunnel to detewuine th spin and recovery characteristics of a 

-scale model of the Douglas XB-43 airplsae, ^5^e airplane which 

the model represented is a midwing, medim ‘bomher propelled hy two 
side-hy-side jets issiiing from the tall cone. The airplane nor aa l3y 
has a crew of three, a pilot and copilot gunner seated side hy side 
in the cool^it, and a homhardier in the fuselage just forward of the 
coo]£pit. For an alternate loading condition. Case' IF, thare is no 
homhardier in the airplane. 

Tests were made to determine the effect of controls on the erect 
spin and recovery characteristics of the model in the clean condition 
for loadli^g conditions designated hy Douglas Aircraft Compamr, Ino., 
as gross-weight condition. Case I, and gross-wel^t condition. Case IF. 
Tests were a3eo made with fuel expended for these gross— wei^t coiv- 
dltiona. The effect of installing a dorsal fin, proposed hy the 
Douglas Aircraft Ccmpany, Ino., and designated as a false fin, was 
Investigated. Tests were also made with a ventral fin installed on 
the model, and emergency escape of the crew of the airplane was 
simulated. 

■ An estimation of the atloh arid -rudder-pedal forces re^uir^d to 
move the controls for recovery was miade from moasurmnente of the 
tension in the elevator and rudder cahles. 


SIMBOIS 


h ■ ■ wing span>-. feet' ■ • ■ • . . • . • 

j '1 . * 

. 3 wing area, square feet 

■ o', .mean .aerodynamic chord, feet. . . 

x/S” 'ratio ,of distance' of center of gravi-fcy rearward of leading 

edge of mean aerodynamic chord to mean aerodynamic chord 

■ sra'bio of distance between center of .gravity and- fuselage 

reference line -bp Man aerodynamic chord (positive when 
center of gravi-ty is helow fuselage reference line) 
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m 

» 

P 


mass -of airplane, slugs 

air density, slugs per cuTdIo foot 

relative density of airplane 


nanents of inertia atout X- , Y-i-, and Z^body axes, 
respectively, slug-feet^ 


IX - lY 
nib® • 

mb® 


jab'^ 


a 


Y 

n 




inertia yawing-moment parameter 

inertia roUixig-mcment parameter 

Inertia pltolxing-mcment parameter 

* ^ ^ 

an^e between thrust line and vertical (approximately 
equal to absolute' value of angle of attack at p lane of 
symmetry), degrees 

angle between span axis and horizontal, degrees 

full-scale true rate of desert, feet per second 

full— scale angular veloclly ‘ ^out spin axis, fOvolutiofis”" 
per second , . • ■ • ' 

helix angle, an^e between flight path and veirtlcal, 
degrees (For tite tests of this model, absolute value 
Of helix ar^e was approximately 4°,)- ' 

Approximate angle of sideslip at center of gravity, 

degrees (Sideslip is inward when Insaor wing is down by 
an amount greater than helix an gle.) 


AEPARAOTS ^ MBffiHODS 
Model 


Ihe scale model of the Douglas SB— 43 airplane used for the 
tests was constructed, in accordance with drawings furnished by the 
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Amy Air Poroes, and prepared for testiiig Ijy the Langley Lahoratoiy. 
A three-view drawing of the mo^l as tested is given in figure 1, 
Dimensional oharacteristios of the aiSTplane represented by the model 
are given in table I. Photographs of the model as tested in the 
free— spinning tunnel are shown in figure 2, CEhe dorsal fin and the 
ventral fin tested on the model are shewn in figures 3 and 4, 
respectively , 


'The model was ballasted by laeans of lead wei^ts to obtain 
dynamic slmilailty to the airplane at an arbitrary altitude of 
20,000 feet (p * 0,001267 slug per cubic foot). The weight, mcments 
of inertia, and center-of-gravity location of the airplane were 
obtained from data furnished by Douglas Aircraft Company, Inc, A 
remote-control mechanism was installed in the model by the Langley 
Laboratory and was used to actuate the controls for recovery tests 


and to release a scale model of a man for ^lergency-escape tests. 

Sufficient moments were exerted on the controls during recovery 
attempts to reverse them fully and rapidly, • 


■ A -i-— scale model of a 6~foot man was used to simulate crew 
35 

menibers for the eGaergency-escape tests and was btdlt at the Langley 
Labomtory and weighted by means of .lead weights to represent a man 
with a parachute (coabined weight of 200 pounds)- at an altitude of 
20,000 feet. 


'Wind-Tunnel and Testing Technique 

The tests were performed in the Langley 20-foot- free— spinning 
•tainnel, the operation of which, in general, is similar to -that 
described in reference 1 for the Langley I 5 — foot free— spinning tunnel 
except that the modelf-la-unohlng -faeohnique has been changed. With -the 
controls set in position, rotation is Imparted to -the model, as it is 
launched by hand into the -Vertically . rising air stream. After a 
number of turns -the tao.del assumes its spin, atti-feude and is maintained 
at a specified level in -the -tunnel by adjusting the airspeed so that 
the model drag equals its weight. The model is shovm spinning in the 
Langley 2o— foot free-aplmlng tunnel in figure 5* After a number of 
turns of the es-tabllshed spin have been photographed and timed, a 
recovery attempt is made by moving one or more controls by means of 
the remote-control mechanismj if recovery is effected, the model dives 
or glides into a safety net. The spin da-ta obtained frem the tests 
are then converted to oorrespondlng full— scale -values by methods 
described in reference 1. 
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In accordanoe with standard spin-turmel procedure, tests were 
■performed to detexmlne the spin and recovezy oharaoteristics for the 
noimal control configuration for spinning (elevator fu^ up, ailerons 
neutral, and rudder full with the spin) and for other ^leron- 
elevator oonhlnations ng netxtral and JUfUClTituTa settings of the 

control surfaces for various model ocaiditions. Eecovezy was generally 
atten 5 >ted hy reversal of .the rudder from full with “{ihe spin to full 
against the spin. Tests were also perfoimed to detennine how 
critically dependent recovery from the noimal control configuration 
for spinning was upon small, variations In control deflections. For 
these tests, the elevator was set at only two— thirds full up and the 
ailerons weie set one^'^iiM with or one— third against spin, 
depending upon the direction oondUdlve to slower recpveiies. Eecoveiy 
frcmi this spin was attempted "by reversing the rudder from full with 
to two— thirds against the spin either alone or in conjunction with 
movement of ihe elevator. This control configuration and movement 
is referred to herein as.. the "ciiterion spin.” The turns for recovezy 
were, measured from the time the ccaatrolB were moved until the sp innin g 
rotation ceased. The oritearion for a satisfactoiy recovery from a 
spin in the spin tunnel has heen adopted as 2. turns or leas hased 
primarily on the loss of altitude of the airplane during the recoveay 
and BUhseq.uent dive. The recoveay ohaaraoteari.stlcs for a given loading 
condition of the model aa?8 considered satisfactory; however, when 

satisfactory arecoveri.es aare obtained within 2^ turns farom the crdtearion 


spin for 1316 aileron deflection conducive to slow recoveries either 
by reversal of the rudder alone or by oonibiaaed rudder and elevator 
movement^ Jfovament.of the elevator to only one— third down in 
conjunction with rudder reversal is considered desirable, but areoovery 
characteristics are considered satisfactory when recoveay is obtained 
frcm the criterion spin wiliiln 2^ turns by rudder reversal oosibl3:ied 

with movement of the elevator to full .dofvna. 


For recovery attempts in which the model stacuoh the safety net 
before recovery could* be effected because of the oscillatory nature 
of the spin, or because of the high rate of descent, the number of 
turns, the anodel, mads from the time the controls were applied for 
recovery until the model struck the safely net was recorded. This 
number indicated that the. model reqiuired more turns to recover than 
the number recorded, for eacaai^le >3. A >3— turn recovery, however, 
does not necessarily indicate an improvement over a >5-tum. recovery. 
If the model stopped rotating without movement of the controls after 
being launched wi13i initial spin rotation wi13x the rudder set for a 
spin, the condition was recorded as "no spin ^ 
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In the detewnl nation of full-scale stick a^ rudden-pedal 
forces jieoessary to effect satisfaoto:^ recovery from a spin, the 
tension in the rubber band’ vhidh pulis . Ijhe rudder from with to 
against the spin or 1die elevator frq| up to down was adjusted to 
represent a known hinge moment about !the respective hinge lines. 
Eeoovery tests were idien run. The tension in the rubber band was 
reduced systematioally until the turns for recovery began to increase* 
The model rudder or elevator hinge, mqment at this point is considered 
indicative of the force idiat should be applied to move the controls 
for recovery on the airplane .and was converted to corresponding full- 
Bcale ruddexv-pedal and stick forces at the equivalent altitude at 
which the tests wears arun. 

As pa:«vlous3y mentioned, emergency escape of the carew duaring a 
spin was simulated. For the tests, a duistny carew loember was released 
from the iiaboaard side (right side in a aright spin) and farom the out— 
boeord side of the fuselage at the ooo^it by actuatiiag the aremot&!- 
oontarol me'ohaailsm when the model was in a t^ical flat spin' aaad when 
it was in a typical steep spin. The path of the, dummy after' i*elease 
was observed* Tests were made to simulate emergency escape only farom 
the cockpit izaasmuoh as the information available on the aiarplaaie 
Indicated that all crew members enter and leave the airplane through 
the cockpit. . . , 


ERECISIOK 


t. ■ 

The model test aresults pares ented are believed' to be the true 
values given' by the model within the followlaag lianlts; 


a, degarees < . v . . . ... . * ±1 

r > 

degrees . ±1 

T, pearcent . 

percent ±2 

,r ±1/4 tuam when obtained from 

Turns for recovery ; , <! film records 

j ±.3./2 turn when obtained visually 
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. . The preceding linite aiay have “been exceeded for certain spins 
in which it was difficult to control the model in the tunnel “because 
of the high rate of descent or because of the wandering or osoillar- 
toiy nature ctf the spin, . . • ^ - * 

Comparison between model and airplane spin results (references 1 
and 2 ) indicates that spiiwfcunnel results are not always in oomple'be 
agreement, with airplane spin sresults. In general, the models spun at 
a somewhat smaller angle of attach, at a scaaewhat higher rate of 
descent, and with 5° to 10 ^ more outward sideslip than did the corres- 
ponding airplanes. The ocsmparison made in’ reference 2 for 20 al2>- 
planes showed that 80 percent of the anodel recovery tests predicted 
satisfactorily the corresponding airplane recovery oharact®rf.stlcs and 
that 10 . percent were optimistic and 10 percent were pesslml stio as 
regards the airplane recovery characteristics, 

little can be stated about the precision of the anergency— escape 
tests as no comparable full-scale data are available. It is considered, 
however, that when the dunmy is observed to clear all parts of the 
model by a fairly large margin after “being released,' the crew members 
nay, if it becames necessary, Jvjmp frcan -the spinning airplane without 
being struck. 

Because of the impracticability of ballasting the model exactly, 
and because of Inadvertient damage to the model during tests, the 
weight and mass distribution' of the model varied f3rom the true scaled- 
down values- within the following limits: 



t 

Gross— weight condition 
CaSe I 

Gross-weight condition 
Case IV. 

Weight, percent 

1 low to 0 

■ 

1 low to 2 high 

Center-of-^gravlty 
location, percent c“ 

2 forward of normal ' 
• to'O - • •• . 

f 0 to 1 rearward 
.. of normal 

1^,' percent 

1 low to 2 high 

1 ,hl^ .to 6 high 

ly, percent ■ 

1 low to 3 hi^ 

1 low to 7 high 

Ig# percent 

6 low to 1 low 

1 low to !{■ hl^ 
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The limits of aocuraoy of the m^asuraaents o't the macse oharao— 


teristios were as follows: 

Weight, percent ' ; ±1 

Oenter-of-srarity position, percent ^ ............. ±1 

Moments of inertia, percent 

The controls were set with an accuracy of ±1°, 


TEST COHDITIOEB 


Numerous conditions of the airplane were considered in the 
preparation of the test program for the. model. Spin teste were 
conducted on. the model, however, only for the extremes in loading 
conditions possible on the airplane inasmuch as it appeared that the 
results for other loading ooMitlons possible on the airplane woixld 
be similar to those for the conditions tested. The conditions tested 
on the model are listed in table II and are briefly described as 
follows (weights are full scale); Gross-weight- condition for Case 1 
included 1370 gallmis of fuel (total) carried Intemaliy in the 
wings, two 2000-pound bombs in the forward bcmb bay, and two 2000- 
pound bcmbs in the rear bcmb bay; gross-weight condition for Case IV . 
included only 317 gallons of fuel (total) carried internally in the 
wings, held all bcmbs removed, and had 41|'24 pounds of fuel and teinks 
installed in tha rear bcmb bay. ^'or both conditions. Case I and 
Case IV, tests were also made on the model simulating all' wing fuel 
expended. 

Mass characteristics and inertia parameters for various loading 
conditions possible on idle airplane are shown in table III. The 
weight, oenter-of-gravity location, and moments of inertia for the 
loadings tested on the model have been converted to full-scale values 
and are also given in table III. The inertia, paraaneters for both the 
model and the airplane have been plotted in figure 6 . A full 
discussion of the significance of this figure may be found in 
reference 3« 

The tail-damping power factors of the airplane for the tail oonflgu— 
jratlcos tested are presented In table IV, Thd ta±l-+daa5>ing power 
factors were computed by the method described in reference h. 
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The nomal maxiimm control defleotione used were': 

«• 


Eudder, degrees . • • • * ♦ t • 20 right, 20 left 
Elevator, degress . . . . ... « . .25 up, 10 down 
Ailerons, degrees . . . . . . •, * * l6. up, l6 down 


The intemecLLate control deflections used were: 


Eudder, two- thirds deflected, degrees 



Aileron, one— third deflected, degrees . »■ « 
Elevator, deflected two— thirds up, degrees 


• • 5^ 5| down 

••••••. l6^ 

..... 3 


Elevator, deflected one— third down, degrees.. 3^ 

Elevator, deflected one— half Sown, degrees 5 

Elevator, deflected two— thirds down, degrees ....... 7 


Ail tests were made with the ooclqpit closed,- the landing gear 
retracted, .and the- flaps r^utral. . 

, ' 

EESIJLTB A]p DISCfDSSIOF- 

"The resid.ts of the model tests are -presented in charts 1 to 5 
and in tables V. and VI, - ' . ■ 

• Because of inadvertent damage to the model during testing, the 
asymmetry of the model changed oooasioiially during the test. pTOgram. 
Test results are presented for the direction of spin which gave : - 
conservative, results (slower- recoveries) .- - Inasmuch as there. was only 
a slight difference in the- results ob-fcained for -the t:ro directions 
of spin, however, -it is considered that -bhe results presented are 
representative of -fchose -that will be obtained on toe aijc^lane.- -.T^ 
results are arbitrarily presented on the charts in -bej;^ -of .Tidgh^J- • ' 
spins. 
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Erect Spins 

Grose«-velght oondltlonj Case I >~ The resiilts of erect spin tests 
of the model loaded to represent gross-veight condition Case I are 
presented in chart .1. The model loading condition is represented hy 
point 1 in table IH and figure 6 . The spins' obtained were genenraUy 
oscillatory in pitch and pull, Erc«a the flat portion of the spin 
(angle of attack of approximately 40*^), the spin gradually steepened 
and the rate of rotation increased until an angle of attack of 
approximately 20 ° was reached, when the model abruptly whipped back 
to the flat attitude 4 02 ie rate of rotation then gradually decreased 
to complete a cycle of oscillation. In general, .6 to 10 turns were 
required to con 5 )lete the cycle of oscillation. 

Although recovery by rudder reversal was unsatisfactory from the 
spine obtained at the normal and the criterion spin configurations, 
satisfactory recoveries were obtained frcm either the flat or steep 
portion of these spins by moving the elevator to one-third down in 
conjunction, with reversal of the rudder from full with to two-thirds 
against the spin. Deflecting the ailerons against the spin (Stick • 
left in a right erect spin) had a beneficial effect on recovery 
whereas deflecting the ailerons with the spin showed a somewhat 
adverse effect on recovery. The model would not spin for any aileron 
setting when the elevator was set full down even though the rudder 
was set for the spin. 

The results of the tests for this loading condition are in agree— 
3uent with past spin-tunnel e:^erienoe (see reference 3) i that is, 
moving the elevator doxm in conjunction with- rudder reversal expedited 
recovery and aileron-agains.t setting were favorable, 

Grose-welgght condition. Case I, with wing fuel expended .— 
test results obtained wltt the model ballasted to represent gross— 
weight condition. Case I, with wing fuel expended are presented in 
clrnorb 2, This loading condition is represented point 2 in table III 
and figure 6 . For this loading condition, the model spun at a steep 
attitude without the characteristic pitching oscillations obtained 
for gross— weight condition, Caee I, with fuel in the wings. Based on 
spliwtunnel experience, this .change' may be attributed to the 
removal of weight from the wings of the mo^l. The. recovery charac- 
teristics were aonsldered unsatisfactory by' rudder reversal alone or 
by simultaneous rudder and elevator reversal, on the basis of the 
results for the criterion spin. 

Gross— weight condition. Case 17 ,— The test results obtained with 
the model ballasted to represent gross-weight condition, Caee IV, eire 
presented in chart 3 , TM.s loading condition is represented by 
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point 5 in table IH and figure 6. For the oriteri on-spin configu- 
ration and for all elevator full-up configurations j -the iMdel sp\m 
vith a large radius and a low rate of rotation and oscillated in 
pitch between angles of attack of approximately 55° 35° • Approxi— 

3Daately 1 cycle of the pitching oscillation was oos^leted during 
each revolution of the spin. Rudder reversal stopped the spin 
rotation in fii turns or less for the previously mentioned spins, but 

the model remained at a stalled attitude thereafter (angle of attack 
approximately 40°) . Sapid recoveries ■followed by steep dives were 
obtained frcm these configurations, however, when •fche elevator was 
moved down in con^unoiilon with reversal of the rudder. It •was 
necessary, to move the elevator to one— third down in conjunction with 
rudder reversal in order -fco cause 'the .model to pitch down into a 
steep dive after the spin ro-tation stopped when the ailerons were 
neutral or against ■Uie spinj. For the criterion spin, it was necessary 
to move 'the elevator to two-thirds down in conjunction •with rudder 
areversal in order to effect rapid recovery terminating in a steep dive. 
Ihe rapid recoveries obtained by slmul'baneoue rudder and ele'Tator 
movement are attributed to the dynamic action of -the elevator inasntuoh 
as' recoveries frem elevator-down spins were generally unsa'tisfactory 
when the rudder alone was reversed -bo full against the spin. The 
spins ob'tained when the elevator •was set at neutral or doim were 
generally similar •!» the osollla-fcory spins previous^- described for 
gross-weigjit condition. Case I. . . ‘ ' 

Gross-weight condition. >Case 17, •with wine fuel expencLsd .— The 
. results obtained •with the model ballasted •to simulate gross-weight 
condition. Case 17, with wing fuel expended are presented in chart 4, 
This loading is re;^rasented by point 6 in -table HI and figure 6. 

The spins ob’tained for this condition had large radii and low rates 
of rotation. Rudder reveraal s-bopped -the spin ro-tation for the 
control configurations tested but as for Case 17 -with fuel in the 
Wings, the model remained at a stalled attitude. Movement of the 
• elevator to one— third down in conjunction •td.th. reversal of •the rudder 
effected rapid recoveries followed by steep dives from seme of ‘these 
;,e-Bins, but for the cri'berion spin, movanent of -the elevator, either 
partially or full down in conjunction wl-th. rudder, reversal ■was not 
sufficient to insure good recovery. - ' ■ 


. . Mpddfications 

* ^ I I 

Dorsal f it-n ^e results^ of model spin tests, '•wi-bh a 

dorsal fin (fig. '3) - iiistalled. on the ^'del 'are presented ‘la -table V, 
Ths tests wesre performed for gross-weight oondltioa. Case 1, and 
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g3:^se— weight condition. Case IT, Installation of the dorseil fin had. 
no appreoiahle effect on the recovea:^ oharaoteri sties of the mod.el 
for the loading conditions tested.. 

Ventral fin Installed .— Tests were made with the ventral fin 
shown in figure Installed on' the model in attenqpt to Im^jrove the 
recovery characteristics for gross— weight condition. Case IT, with 
fuel in the ■wings and for grossi-weight conditions. Case I 6ind Case IT, 
with fuel expended, T^ results of these tests are presented in 
chart 5 table and show a favorable effect of installing the 
ventral fin ijcaamuch as satlsfactoiy recovery oliareOteri sties were 
now indicated for these loading conditions.. ,Eor gross— weight condi- 
tion, Case I, ■with wing fuel emended, recovery was satisfactory frcai 
the criterion spin "by rudeter reversal alone or by moving the elevator 
‘ down in conjunction with rudder reversal QUt for gross-weight condi- 
tion, Case IT, it ■was necessary to move llxe elevator to one— half down 
in conjunction with rudder reversal in order to obtain satisfactory 
recovery. Based on these results, it appears that when a ventral 
fin is Installed, recovery will be satisfactory by the normal control 
man ipulation (rapid full— rudder reversal followed l/2 turn later by 
movement of the stick well forward of neutral for all loading conditions 
of the airplane.) ' 

Installation of the ventral fin shown in figure 4 may conflict 
■with Qcoiind clearance considerations and "thus may not be desirable 
for Ins-tallation on the. airplane. Analysis indicates that. ai4 effect 
on recovery oharaoteristlcs equivalent to that provided by the 
installation of the ventral fin may be procured by moving, the hori- 
zontal tail surfaces up approximately 50 inches, full-scale, and this 
reTrtsi<m may be made. In lieu of infifctalling a. .ventral fin. 


Landing Condition 

.The landing conation (landing gear extended and landing flaps 
deflected) ■was not 'tested on the model inasmuch as-^it is required that 
airplanes demonstrate satisfy tory recoveries In -^e landing condition 
frem only a 1-tum spin. At the end of X turn, the ■airplane is usually 
still in an incipient spin from which recoverdes are more' readily 
ob-tained than from fully developed spins. 

An analysis of the results of tests performed on models of many 
airplanes to determine ■the effect of flaps and landing gear indicates 
that the Douglas XB-43 airplane •will probably recovery satisfactorily 
from a 1— turn incipient spin in the landing condition, but- that 
recoveries from fully developed spins in the landing condition ■will 
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prdbabJy be imsfttlBfaqtoiy, ; It Is roocaimendotl therefoi^ that the 
flaps be neutralized and raooyexy be attempted iamaedlately upon 
inadvertently entering a spin in the landing oondition in order to 
avoid entering a frilly developed spin frm whlah recovery vill 
probably be laisatiefaotory. 


Inverted Spins • 

■ • ' . ,r. ' 

The inverted-spin characteristics of the model were root investi- 
gated inasmuch as it appeared that the inverted-spin ohazacteristlcs 
could be estimated on -Uie basis of the resulte of inverted-rspin teste 
of a model of a dimensionally similar airplane (Douglas XB-4S) and on 
the conclusions of reference 5j which is a pcmpilation of the results 
of invertedr-spin tests conducted on models of different design 
oharaoteadstios , Inasmuch as. the results o:f the inverted-spin tests 
of the Douglas XB-U2 are in .general agreanent with the condusions of 
reference and because of the dimensional similarity of ihe two 
airplanes, it appears that the inverted»-spin recovery results for 
the Douglas XB-4-2 siay be considered applicable in determining the 
inverted spin-recovery oharMterlstlos of the Dou^ae 3CB-h3 airplane. 

It thus appears that if the Douglas airplane should inadvertently 

enter an inverted spin, satisfactory recoveries can be obtained by 
reversing the rudder fully and rapidly followed by moving ihe stioh 
to neutral laterally and longitudinally. 


Eec-ommended Eec every Teohniq.xie 

Based on the results of modal tests, the follCTjring technique is 
recommended for recovery from spins for all loading and cemfigurations 
of the airplane; 

' « i • 

Erect • spins. — Hold the etiol: full hack and laterally neutral and 
briskly reverse the sadder from, full with to full against ihe. spin. 
Approximately l/2 turn after , full rudder reversal, briskly move ihe 
stick well forward of neutral to pitch the airplay down into a recovery 
dive* Care should be exercised to maintain the ailerons, neutral inias— 
natch as the effect of aileren defleotimas on recovery changes as the 
wing fuel is ■ expended. In moving the stick forward, care ahoxild- be 
taken to avoid excessive aoceleratibn in the ensuing recovery dive. 

landing condition .— Upon entering a spin in the landing oondition, 
ihe flaps snouid be retracted Immediately and recovery attempted by 
the previously reocaamended recovery technigiie. 
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Iiwerteil spina «•* For reooverie's from Imrerted spine, the rudder 
should he reversed fully and rapidly' follcjvred hy moving the stick to 
neutral, laterally and longitudinally,' 


Emergency .Escape During a Spin 

Tests made to simulate emergency escape of the crew from the 
spinning aiiplan© showed that when the model crew, riemher was released 
from the outboard side of- the fuselage (left side in a right spin) 
for either .flat or steep spins. It traveled outhoaid and passed down 
under the outboard wing approximately at the midpoint of the wing 
sanispaa by a safe margin. When the dummy was released' from the 
inboard side of the fuselage for either a fiat or steep spin, horever, 
it traveled rearward and parallel to the fuselage and went near, or 
was struck, by either the Vertical or the horizontal tail surfaces. 
Based on the- results presented herein, it is recommended that the 
crew members leave from the outboaid. side of the cockpit if ever it 
becomes necessary, to ‘escape from the airplane during a spin. 


Control Forces 

For the regular test program,' as previously mentioned, sufficient 
hinge moment was applied to the rudder and elevator to reverse them 
fully and rapidly and the discussion so far has been baaed on the 
effectiveness of the controls eilone without regard to the forces 
required to move th e m. A few tests were ma-de to determine the 
stick and rudder pedal forces required to move the controls for 
recovery. The results i 2 adicated that the full-scale stick force will 
be fairly high and that the rudder pedal force will probably exceed 
the physical capability of the pilot j the stick force will te approxi- 
mately 100 pounds and the rudder pedal force will be approximately 
2000 pounds. Because of the lack of detail in the balance of t^i© 
model control surfaces, of inertia mass balance affects, and of scale 
effect, these, results are considered only qualitative indications of 
the actual forces, that may be experienced. ' ' ’ . .. 

.IKie results of the control force' tests indicate that .in order, to 
fully reverse 1die controls in a spin, trim tabs or 'scan© other suitable 
balance or booster arrangement may be necessary, .... 

• . • COHCIIJBlOlte ^ 

Based on the results of spin teste of a — scale model of the 
Douglas XB— 43 airplane, the follo^rtng conclusions and reo canmendatl one 
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regarding the spin and recovery oharaoterlstlcs of the airpla n e at 
a spin altitude of 20,000 feet aye made: 

1, The spins will, in general, he oscillatory in pitch and, roll 
and the recovery characteristics will he imsatlsfaotory'. 

2, Installation of an adeq.uate ventral fin will provide satis- 
factory yeooyery ch^aoteristioa for.,aia. ;confi@irations -and loadings 
of the airplane. For recovery, it is recommended that the stick he 
held laterally neutral, the rudder hp. moved rapidly and fully against 
the spin and, l/2 turn later the stick he hriskly moved forward 

of neutral, laaintainlng it laterally neutral. . ' . • 

3, Installation of 1Ae proposed?- dorsal fin will have no 
appreciahle effect on the spin and recovery oharaoteristios of tto 
airplane. 

' ' 4 . If it should heccme necessary to abandon. the airplane during 
a spin, it is recosmiended -Urat the crew leave from the outboard side 
of the cockpit, ... ' 

5. The stick force necessary to move -the elevator during a spin 
will he fairly high and the rudder pedal force necessary to reverse 
the rudder durii^g a spin -will prohahly exceed the physical oapahilltles 
of ihe pilot. Sane sui table trim tabs or a control booster system 
will he necessary to deo 3 rease these forces. 


langley Memorial Aeronautical laboratory 

National Advisory Commit-bee for Aeronautics 
langley Field, "Va, 


Approved 




Thomas L. Snyder 
Aeronautical Siigineer' 




Hartley A. Soule 
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TABUS' I.- DIME03SIOHAL CHAEACTEEDBTICS OF TECE 
DOOQLAS XB-43 AIHFLAHE 

Len^t^ over all^ ft ... . . • . • . . . . . • . • . . 

Wing: 

Span^ ft..., .••••... 71*30 

.Area; sq.ft ^7d*00 

Bo6t>-ohord inoidenoe; deg S.OO 

Tlp-ohord li3cldenoe; deg 3*30 

Aspect ratio 8 . 7 ^ 

Taper ratio .... . ..... . ' *332 

Sveepbaok of leading ed^ of ving, deg 10 . 70 

Dihedral of vlng; deg . .. ^.00 

Mean aerodyneonic chord; ih. I 03 .U 

Leading edge of mean aeTOdynazaio chord 

rearward of leading 'edge of root chord; in. .... 33 *^ 

Ailerons: 

Chord (rearward of hinge Una); percent of 

wing chord 22.00 

Area (rearward of hinge line); percent of 

area ^.00 

Span; percent of ving span 1^.1^ 

1 

Horizontal tall surfaces: 

Total area; sq.fb ........i'ii....... 146.30 

Span; ft 2^.00 

Elevator area rearward of hinge line, sq. ft ..... 3^*10 
Distance frcsa gross-weight condition; Case I 
center-of— gravity location to elevator 
hizzge line; ft 23.77 

Vertical tall surfaces: 

Total area; sq.ft 71*20 

Total rudder area; sq,ft.. 26.14 

Distance frcm. gross-weight condition; Case X 
center-of— gravity location to hottoai of 
rudder hinge line; ft «... 23.82 


HATIOKAL ADVISOH: 
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TABLE H.~ COliniTZONS TESTED ON !)SE ^~SCAI£ MOI 
OS* »PBiE doogEE^ XB — 43 ATRP TJane 
[Erect Spies; Flaps and landing Gear Betracted] 





Gross-vei^t 

condition 

Special 

tests 

' 

Modlfloatlon 

Figure 

Case X 

Hone 

Hone 

1.2 

Case I with ^ 
ving fuel , 
expended 

Hone 

Hone 

1.2 

Case 17 

Hone 

Heme. 

1.2 

Case 17 vtth 
vlxig fuel' 
expended 

Home 

Hone 


Case X 

Hone 

Dorsal fin 

3 

Case I vlth 
wing ftiel 
ea^ended 

Hone 

1 

1 

Ventral fin 

1 ■ ^ 

h 

i 

•* Case X7 

i 

Hone 

1 

Dorsal fin 

3 

Case IV 

Hone 

Ventrj^ fin 

4 

Case IV vltli 
wing fuel 
eaepended 

Hone 

Hone 

4 

Case IV 

" Pilot 
escape 

Hone 



Data on 


Tatle 
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uuaotB m.- MASS m mcDCA, babambiseb vob tahoqb vamaaa 

jsrttfhTB OB 9BE DOOOOW3 XB-43 XLHPJJM AMP fC9B fJEDB LOAUIflOfi TOW!) GDI 

BB A-Boab MO0O. 

35 

[ibdal imlDM or* gMScntad ia tona ef ftUr«eeJe tbIkm] 


HoMM rta otf iflftrtla 


OVDBBHmlB^ Veie^t 
dondltioii (lb) 


Ow® I 381 T91 


S Case I vltb 30^^ 
vlfltg ftteX 
expoaidad 


Oase n 33f^ 


Oese m 3fi#603 


Casa ir 


6 Oaae XV Hth C6,33:» 
idae fnel 
dOQBfXJded 


Ow I 38»?10 


fi Case 1 vlth 30jlOl 
ving fnsl 
expenAsdl 


6 Case 17 vltb S£,a63 
foel 
esQeiaded 


|A 11 

E0,000 eea I I 

(ft) XareX xA *A 




Xi % la 

(sLigVta^) (ilu^ft^) (sloe-rt®) 


A1tp3ot» Talnea 


Inertia ^axtoeeters 





S3*10 

ie.34 

0,30S 

-0.017 

125,700 

78,480 

ia.19 

9.ft 

.e£B 

.001 

66,?68 

71,670 

39.60 

10.51 

.351 

-.066 

124,200 

64,880 

19.>A 

10.36 

. ko6 

—07a 

123,600 

60,790 

3£.81t 

8,98 


-.o» 

96, 810 

60,960 

35.70 

e.^0 

1 

.^36 

_.oii£ 

48,060 

60,440 


Model TaJ.naa 






}BX,100 OIA 


177,W0 3fi3 


I^jTOO 81 


101,3^10 ^30 


0,896 

0.036 ' 

123,533 

76,760 

188,813 

.259 

.000 

71,880 

74,386 

130^226 

.449 

.081 

■ 96,430 

59,360 

146,100 

.459 

.0344 

46,307 

^5,187 

100,867 



.-109 X nr' 

- 

10a X itr'- 

-431 

w 

-623 

109 


105 

-200 

319 

-99 

1^ 

□ 

-17t X 2ff ^ 

97 >« icH* 

•410 

125 

-094 

112 

- 0 } 

130 


lasmKLAifnam 
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TABLE XV.- TAHF-DAMEXB& PONSR 7ACT0BS mS THE OECOEIIAL TAIL 
BBSKai AMD 50R 5 fflE TAIL MODIKECSAaiOIB TESTED OH TBE 
-^-SCAI£ miiEL OF THE DCVGLAS XB-^3 AIBBLAHB 


Ho. 

Gross--vel^t 

condition 

Revision 

;i^L^LaBqalng 

ratio 

IRisMelded 
rudder voluzne 
Qoeffioient 

nfell-^gagilng 
power ’factor 

1 

Case I 

Heme 

i 

0.0174 

0.00217 

0.000038 

B 

Ceise XV 

Hone 

.0154 ! 

.00206 

.000032 

B 

Case X 

Dorsal fin 

.0174 

.00217 

.000038 

1 

B 

Case XV 

Hone 

.0154 

.00206 

.000032 ' 

5 

Case XV 

Ventral fin 

.0257 

.01520 

.000391 

6 

i 

Case I with 
wing fuel 
eoqpended 

None 

1 

( 

1 

.0179 

.00219 

.000039 

7 

Case I with, 
wing fuel 
e^^eiided 

[Ventral fin 

.0302 

.01587 

.000479 

8 

Case XV with 
wing fuel 
upended 

Hone 

.0157 

.00207 

.000033 

9 

Case XV with 
wing fUel 
^^ended 

Ventral fin 

.0260 

..01530 

.000398 
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03ABIE T.— SIOT AHB EECCfTOBDT CHASAC^IEraSIICS OF OSB ^-SCiilE MODEL 
OF Tm DOOGfLAS XB-^3 AIEEIAKB Wim A DOESAL FCT CTSTAECED 


[ L o adi n g as indicated; reoovoxy attengjted full lapid rudder reversal 
except as indicated (recoveiy attempted fronij and steady-spin data 
presented for^ xaidder-full-«ritli spins); rlfijit erect spins] 


Gross-vei^t oondltl<m. 
Case X 

Gross-wel^t oonditicMij 
Case IF 

Ailerons 

With the spin 

T 5 T«n 4 -.T»n .1 

With the spin 

1/3 with 


1/3 Vi-Hi 

Pull ■with 

Elova-fcor 

2/3 up 

Full up 

2/3 up 

Full ■up 

a 

*^3 

44 

*^43 

?4 

V 

55 

®51 

0 

TO 

4 D 

4 U 

15 D 

5D 

8D 

Oj& 

(ips) 

.30 

.11 

.32 

.11 

Y 

(^) 

36b 

387 

278 

269 

278 

Turns 

for 

> 3 |, V5 

d 

T ),4 

( ^ 

Recovery 

01 03 

5 * TT 



2 2 


^80 History spin* Average value or range of values given* 

"Becoreiy attempted ty reversing tlie rudder frcm full with to 2/3 
against the spin* 

^Recovery attempted hy sinultanoousiy reveraing the rudder frcta full 
"With to 2/3 against the spin and the elevator frcm 2/3 up to I/3 
down. 

Spinning rotation stopped in 2i turns or less after moving the rudder 

against the spin* Model then glided across the tunnel at a stalled 
attitude • 

^Recovery attempted hr simultaneous Jiy reversing the rudder from, full 
■with to full against the spin and the ole’vator from full up to 
1/3 down. 

^todel recovered In steep dive. 

^Beooveiy attempted hy simultaneotialy reversing the rudder frcm full 
with to 2/3 against the spin and the elevator frcxa 2/3 up to 
2/3 down. 

"Recovery attempted hy simultaneous iy reversing the rudder from full 
■with to full against the spin and the elevator frcm full up to 
full down. 

BAJHO HftL ADfrasOHr 
COMMmEE FOE AEROBADIErOS 
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TABIZ VI.* SPIN AGO) ESX7VNEQT OEUUSACnSEISXICS OF THE ^*SCAIZ 

35 

ISySSL Off THE IXniGHAS XB-43 ACRPLAHE WITH 
A VEBTBAL PTN IN3TAI2ZD 

[zcfidlBg as Indloated} reoo^exy atteaig^ted ftOX raa?id rudder reversal except as Iztddoated 
(recovery atteoqpted ftxm, and steady-^pin data presmted fbr, rudder-full^th eplxss): 
rl^t erect splnsj 


Qross-vel^t ccmdltlon^ Case IV 

Groas-^rel^rt condition^ Case XV^ 
vlth vlng fuel es^ended ^ 

Ailerons 

With the spin 

1/3 vith 

Against the spin 
1/3 against 

Neutral 

Blerrator 

S /3 1® 

a/3 T® 

Full up 


*51 

®lt5(agBproi) 

ait€ 

i 

5 » 

— 

OH) 


.166 

— 

.17 

V 

(fjB) 

276 

2^(apprar) 

269(apprcK} 

Turns 

for 

recovery 



*' V '■‘1 



®*V2 


®Wlde radlits spin vith lo»r rate of rotation. 

■bEeoovery attempted ty reversing the rudder frcaa ftill TTltli the spin to fi/3 against 
the spin. 

0 Spizxnixsg rotation stopped in 1 turn or less after reversing rudder to against the 

spln^ siodel then gilded across the tunnel at a stalled attitude. 

^Beoove^ atteoipted hy slsnultaneously revucelng the rudder fron. full vlth the spin 
to 2/3 against the spin and the elevator A*om 2/3 up to I/3 djovn. 

® Visual estimate. 

^Becove^ attempted hy slnultaneous^y reversing Idle rudder from full vlth the spin 
to 2/3 against the spin and the elevator from full up to 1/2 down. 

6 Model recovered in a steep dive. 

^ Becove^ atteog^d hy slmultaneoasly reversing the rudder from full vlth the spin 
to 2/3 against the spin and -tiio elevator fXcm full up to I/3 down. 

1 Eeoovew attempted hy simultaneously reversing the rudder from full vlth the spin 

to 2/3 against the spin and the elevator frcaa 2/3 to full down (10®). 

KAnOHAL ADVISORr 
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Chart 1 
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OHAHI 8PZK ABD REOOVEBT OHARAOTSBISTI08 OT ^SCALE KOIZL OF TBS DOtXGELAB XB^3 
JOBPLUEE II 0B03S YEZ(ET OODITKHI^QABE X 

llioading point 1 on table III and figure reooTery atteaptad bf full rapid rodder rerereal 
except as indicated (recoTery atteopted frcm, and eteady-epin data presented for* rodder- 
full-vitb spins); ri^t erect spin^ 

Ailerons against 


21 

38 

su 

IGD 

*H3 

0.27 

ijf. ij 


* 3 



20 

4U 


39 

5D 


422 



449 

0.34 



4 


s t 

e ep 

« P 

i n 





Bo 

spin 


Ailerons full against 


(Stick left) 


Elerator 1/3 darn 




Bo 

spin 

* 



ll 

«^3l 

0.32 

b 

® 1 

>2, 


bd. 

od. 

h 

1 


I 


II 




444 


4- 4 


22 

IB 

38 

4p 

% 

0.30 

be r 

be 

>2?# 

>4 

ef. 

bf 

!■ 

1 

bB 

eg 


.1 

oh 

bh . 

>3» 

-4 


89 

6P 

380 

405 


b ' 0 

bd 1 cd 7 

4- 4 


Ailerons 1/3 with. (5^) 


Ailerons full vith 


(Stick right) 


22 

44 

2B 

7D 

in 

0.31 

b ci^ 
'*'8 




Ko 

spin 



KATtOflAt AOVtSpRY 
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^Oscillatory spin* Ararage ralue or range of raloea given. 

°hecorery attempted from steep phase of oscillation. 

^Beoovery attempted from flat phase of oscillation. 

^Eeoorery atteiqptsd bj simnltaneously rerexaing the 

rudder from full vith to 2/3 against the spin Model values 
and the elevator from full up w 1/3 dovn. 

^Beoovary attempted by revere ing the rudder from 
^ full with to 2/3 against the spin. 

^Becovery attempted by eimultaneouely reversing 
the rudder from full vith to 2/3 against the 
spin and the elevatcr from 2/3 ua to 1/3 down. 

^^oovery attempted by simultaneously reversing the rudder from full vith to 
2/3 against tbs spin and the elevator from 2/3 up to neutral. 

^^oovery attempted by einmltanecusly reversing the rudder from full with to 
4 2/3 against the spin and the elevator from 2/3 up to 2° up. 

^Visuu estinata. 

^Model went into steep dire after launching rotation stopped* 




Ho 

spin 



converted to 
corresponding 
full-scale values, 
IS inner wing up 
D inner wing down 


a 

Cdeg ) 

* 

(deg) 

7 

(fps) 

Q 

irps 1 

Turns for 
recovery 
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Chart 2 


OBAJII 8FZK AND REOOVIHZ: QH&aA8TXRISTzds OP •SBZ ^SOALS MODEL OP THE DOOCSJLS XB-45 
AIRPLANE IS GROSS VEICmT OONDlTIOir OA^I WITH WINS FUEL EXPENDED 

[fading point 2 on table III and figure 6; ‘pacoTeiy attempted by full rapid fodder reTeraaiL 
except ae Indicated (reoorerr attemted froa* and steady*apln data presented for* rodder- 
full-vlth spins); rl^t erect splni| 
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Chart 3 


•• •• 

• • • 
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• * • 
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• • • 
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OEABT 3 .- SPIN ASD REC071B7 0EABA0TER18TI08 Of THE ^SOALE MODB< GT TBS DODGIAS XB-43 
ATRPTAWE in OROSS VEXOBt OOSDlT&Jn 0A8S IT 

]^&ding point 3 on table lU end flgore 6; reoorerr atteapted bj full rapid rudder reTeraal 
except aa Indicated (reccrery attented from* and ateady-epln data preeented for* rudder- 
full-vlth spine); rlg^ erect eplndj 


ee e 

• • e 

• ee 
e e 
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Chart 4 


OEABS 4^.- SPXB AHD mCUVEBX OHAMOTEBISSIOS OF THE ^BCULE HOTEL OF THE SOOGUS X»J45 
AIBFLillE IN (HtOSa HEBSS 'OOKOIEKS OABE IV VTTE VIHO FDEL EXPENSED 

{fading point 6 on taUe HI and flguse 6; reoovexr atteopted bjr full mpid rudder rereraal 
except aB Indicated (recovery attenpted fros* and ateady-apin data presented for» mdieiv 
full-vith apins); rifi^t erect sping 
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rsuos spia vxw .loit ox xoi*aiiion» 

^Spinning rotation stopped in one turn or less after rerersing rudder 
to against the spin. Kodel then ^ided aeroaa tunnel at a stalled 
^ attitude. 

°ReooTery attesqpted hy sisultaneously rerersing 
the rudder from full with the epin to 2/3 
against the tptn and the elerator from full 
- up to 1/3 down. 
pTodel reoorered In a steep dire. 

'"KecoTsrjr atteqptsd by rerersing the rudder from 
^ full with the spin to 2/3 against the spin. 

^Beoorery attempted by simiiltaneonsly rerersing the rudder from full 
with the spin to 2/3 against the spin and the elerator from 2/3 
to 1/3 doim. 

^corery attested by simultansously rerersing the rudder from full with 
the spin to 2/3 against the spin and the elerator from 2/3 up to full down. 


Model ralues 
converted to 
corresponding’ 
full-scale values, 
n inner ring up 
D inner wing down 


(deg J 

(deg) 

V 

£l 

Cfps 1 

(cps 1 

Turns 

1 for 

recovery | 
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Chart 5 


' CHART SPIK AHD BECOVBir OHARAOT^ISTIOS OF THE MODEL OF THE OOUtSiLS 

AIRPLANE IN CROSS YEIGHT CK>HDITION QASX 1 MITE V»C FUEL EXPEHDEi) AND VEfilRAL FIN 

TUBTJIT.TJTO 

n^Miding point a on table XII and figure 6; reQorarr atteiQ>ted br n^id rudder rerereal 
^ except ae Indicated (recoTerr atteimted fron, and ateady-^ln data presented fort rudder- 
fuU«vlth ^Ins); rl^t erect apln^ 



m 


Ailerons 
1/3 sgalnet 


a 


2S 

2D 

ea 

44-1 

0*32 

o 

If 




23 

7U 

15U 

4S3 


1 


Ailerons full against 


(Stick left) 



7U 

22 

2P 

1^32 

0*32 

1 

iH 


m 



&! 

a 


h 

Sea 

ae 



24^ 

6d 


432 

0,31 

. Allesoni 


1/3 with 



^1 


Ailerons full vltb 
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^Fuselage re fjme *^2/ ^L66 ^ 

F/gc/re L ~ Drawing of the 35 'sca/e mode/ of the 
Doug/ 0.5 )/B-43 airplane . Cenfer-of-grai^/ty 
pos/fion shown /s for gross weight con- 
dition Case I. 
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Fig. 2 



Figure 2.- 


The —-scale model of the Douglas XB-43 airplane as tested 
35 

in the 20 -foot free-spinning tunnel. 
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Figure; 3. -DOR5AL fin (false: fin)designe:d by Douglas and 

TESTED ON THE ^ -SCALE MODEL OF THE DOUGLAS XB-43 AIRPLANE. 

Dimensions are FULbSCALE. 
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Figure 4tVentral fin tested on the 5^-scale model of the Douglas XB-43 
AIRPLANE. Dimensions are full-scale. 


NATIONAL ABVISORY 

COMMITTEE FM MMIMUTICS 


I 


NACA BM No. L7G01 


NACA RM No. L7G01 


Fig. 5 



Figure 5.- 
airplane 


Photograph of the -L -scale model of the Douglas XB-43 

35 

spinning in the Langley 20 -foot free -spinning tunnel. 
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